The effect of a variety of nutrient bases on the production of bacteriocines by 10 standard Cradock-Watson types of Proteus mirabilis has been investigated. Differences in yield of greater than 10 000 fold were observed. Maximum yields were obtained with proteose peptone no. 3 (Difco) and a medium containing this with oxgall (Difco) as an antiswarming agent was developed for routine typing.
The typing of Proteus species by bacteriocine production was described by Cradock-Watson in 1965. Since then the panel of indicator strains has been increased to twenty-four. The proportion of isolates active against these indicators has varied in different series, with reports of 6%0 (Tracy and Thomson, 1972) , 0 to 76% when using different media (Phillips, 1974) , and 59% until recently in my own hands. This compares with a figure of approximately 80% obtained with strains referred to the Cross-Infection Reference Laboratory, Colindale (Pitt, 1973) .
It is known that in colicine typing of Escherichia coli the pattern of inhibition of indicator strains depends upon the titres of colicine produced (McGeachie and McCormick, 1967) and that colicine production is affected by changes in the composition of the medium (Papavassiliou, 1963; McGeachie and McCormick, 1963) .
Because of these reports I have investigated the effect of the composition of the medium on bacteriocine titres and bacteriocine typing of strains of P. mirabilis. 
Materials

MEDIA
Fluid media 1-13 in which bacteriocines were induced Nutrient bases 1-9 were selected so as to include those found useful for the production of colicines by McGeachie and McCormick (1963) . Subsequently a variety of antiswarming agents were added to the nutrient base in which the highest titres of bacteriocines had been obtained to produce media 10-13. 
Methods
INDUCTION OF BACTERIOCINES IN FLUID MEDIA
Producer strains CW1 to CW10 were incubated for 18 hours at 30°C in 5 ml volumes of media 1-13 in 250 ml conical flasks, so as to produce heavy growth. A further 45 ml of the same medium together with mitomycin C (Kyowa Co Ltd) to give a final concentration of 1 ,ug/ml was added to each flask. Cultures were incubated at 30°C for 24 hours in a shaking waterbath. Two millilitres of chloroform was added to each flask, the cultures were shaken for five minutes, and the contents allowed to separate. The supernatant was centrifuged at 800 g for 10 minutes and irradiated with short-wave ultraviolet to destroy bacteriophage, the presence of which is likely to reduce specificity of bacteriocine typing, as described by Rampling and Whitby (1972) The method of freezing and thawing described by McGeachie and McCormick (1963) was used to extract bacteriocines from solid media which had been lawned with producers CW1 to CW1O and incubated at 37°C for 24 hours. Titrations were performed on the same medium as that utilized for production, by the method described above.
ROUTINE BACTERIOCINE TYPING
The method of Abbott and Shannon (1958) <0   2  2  1  3  3  2   4  3  3  3  1  2  2  1  3  4  4  4  4  3  3  3  3  3  3  3  5  1  3  2  3  2   <0   1  2  1  3  6  2  3  2  2  1  <0   1  2  1  3  7  2  3  2  3  1  1  1  2   <0   3  8  2  3  3  2  3  2  2  2  1  3  9  3  4  3  3  3  1  2  2  1  3 CWI  CW2  CW3  CW4  CW5  CW6  CW7  CW8  CW9   CW1O   4  Nil  4  4  4  3  3   3  3  3  3  3  10  Oxgall   3  3  3  3  3  3  3  3  2  3  11  Sodium desoxycholate   2  3  3  2  3  2  2  2  <0  3  12  Bile salt   0  2  <0  3  3  2  2  2  <0  3  13  Oxgall and lactose   3  3  3  3  3  3  3  2  2  3 Table IV Production of bacteriocine detected by routine typing table IV. Whereas 79 % were typable on bacteriocine agar only 62% were typable on MacConkey agar (Oxoid). In the series of 33 organisms with similar patterns of inhibition on MacConkey agar (Colindale) and bacteriocine agar, bacteriocine production was detected in 31 organisms.
Discussion
The effect of the composition of the medium on bacteriocine production is clearly demonstrated in tables I and H, and its relevance to routine typing in tables III and IV. Failure to detect bacteriocine by the freezing and thawing method of McGeachie and McCormick (1963) has also been reported by Tracy and Thomson (1972) . It is probable that inclusion of bile salt (Oxoid) as an antiswarming agent in all the media suppressed bacteriocine production, and other studies have since demonstrated that high titres of bacteriocines cannot be obtained at 37°C. Preliminary studies have also shown that some bacteriocines are destroyed by freezing, and further studies on the effect of this and other agents on bacteriocines of P. mirabilis are in progress.
The actual titre of bacteriocine obtainable is higher than illustrated in tables I and II, as some bacteriocine in addition to bacteriophage is destroyed by the dose of ultraviolet irradiation used in these studies. Titres of bacteriocines obtained in proteose peptone no. 3 (Difco) are two to four-fold greater before irradiation. Subsequent studies have shown that the addition of fluid medium no. 4 to the inoculum and agitation of the culture for one hour before the addition of the mitomycin enables titres of 109 to be obtained with some producer strains. Using these high titre extracts it has been possible to demonstrate that susceptible indicators may vary in their sensitivity by as much as ten thousand-fold. This emphasizes the necessity to obtain efficient bacteriocine production. McGeachie and McCormick (1963) demonstrated similar effects of the titre of bacteriocines with E. coli.
The effect of temperature on bacteriocine production by P. mirabilis has also been investigated, and, in common with bacteriocines produced by other organisms, it appears that higher titres are obtained at temperatures lower than 37°C. However, the greater tendency to swarm at these lower temperatures precludes their use in routine typing methods on solid media. Phillips (1974) The improvement in the present typing method using bacteriocine agar should encourage its more frequent application, but the use of two typing methods is preferable, as it allows a greater proportion of strains to be typed (Kashbur, George, and Ayliffe, 1974) .
